Introduction
Cardiac arrhythmias are disorders of the rate, rhythm, and conduction of cardiac impulses. 1 Abnormalities of cardiac rhythm are most often, but not invariably a symptom of cardiac disease. Ambulatory Holter electrocardiography (ECG) was first introduced by the biophysicist Norman J Holter in 1949 to allow ambulatory home ECG monitoring of patients with suspected cardiac arrhythmias, and has been found useful in evaluating heart rate variability (HRV) pattern, ST segment analysis in cardiac ischemia, efficacy and safety of anti-arrhythmic or non-pharmacological therapies, among other uses. [2] [3] [4] However, facilities for Holter ECG monitoring in many Nigerian hospitals are limited and there are very few published works on the 
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adebayo et al use of 24-hour Holter ECG in evaluating cardiac arrhythmia in patients with cardiovascular diseases. [5] [6] [7] [8] We therefore prospectively studied the clinical indications, arrhythmic pattern, and HRV among the subjects referred for 24-hour Holter ECG at the Cardiac Care Unit of Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife, Osun State, Nigeria. This will assist in determining the pattern of Holter ECG in these subjects, and the information obtained will also contribute to the Nigerian and global database on 24-hour Holter ECG.
Materials and methods
This is a descriptive cross-sectional study in which 310 consecutive patients referred for 24-hour Holter ECG over a 48-month period were studied using Schiller type (MT-101) Holter ECG machine. Ethical approval was obtained from ethics and research committee of OAUTHC and all participants gave informed consent.
A thorough explanation of the nature of the test and handling of the recorder was given to each subject, and the Holter monitor was strapped to the subject's waist with the channel leads appropriately placed on the chest. 9 The subjects were told to go home, continue their normal activities, and to return after 24 hours with the Holter monitor. The recordings were subsequently analyzed using Schiller's Cardiovit CS-200 digital ECG computer system. Each Holter ECG event recording was also manually analyzed according to standards 10 by an experienced cardiologist and two senior registrars. HRV, using standard deviation of normal to normal intervals (SDNN) of ECG recordings and standard deviation of averages of normal to normal intervals (SDANN) in all 5-minute segments of the entire ECG recording, and ST segment changes were also analyzed according to standards. 10 The normal values of HRV used for this study were as follows:
10 SDNN (141±39 milliseconds [ms] ) and SDANN (127±39 ms).
The data were then entered into the computer for statistical analysis using SPSS version 16 software. Data were represented using descriptive statistics such as tables, graphs, and bar charts. Categorical variables were expressed as proportions and percentages while continuous variables were expressed as means ± standard deviations (SDs).
Results

Demography and clinical indications
Demography and clinical characteristics of the studied patients are shown in indications are chest pain (1.9%), valvular heart disease (1.3%), and pacemaker rhythm (0.3%) as shown in Figure 1 . According to the recommendations of American College of Cardiology/American Heart Association (ACC/AHA) guidelines 10 for ambulatory ECG; 131 patients (43.2%) had class I indication, 81 patients (26.1%) and 89 patients (28.7%) had class IIb and class III indications for Holter ECG, respectively. Table 3 shows the distribution of clinical indications for Holter ECG by age group. Of the studied patients, 27.1% are between the ages of 51 and 60 years while 9.7% of the studied patients are between the ages of 15 and 30 years.
Holter ECG findings
Premature ventricular complex (PVC) was the commonest type of arrhythmia accounting for 51.5% among patients with arrhythmia, followed by premature atrial complex 15%, as shown in Table 4 . The male to female ratio of PVC among the studied patients is 0.9:1.1. Nineteen point six percent of patients 50 years had PVC while 31.2% of patients $50 years had PVC. Ventricular arrhythmia was found more prevalent in dilated cardiomyopathy (DCM) patients (85.7%), hypertensive heart failure (HHF) patients (40.1%), stroke patients (36.3%), and patients with palpitation (32.8%). Eighty percent of diabetes mellitus (DM) patients with autonomic neuropathy and 71.4% of hypertensive heart disease (HHD) patients had normal Holter ECG findings. Six (1.9%) out of the studied patients had sustained ventricular tachycardia (VT) (Figure 2 ), while eleven patients (3.6%) had severe bradycardia (heart rate [HR] 40 beats per minute). Eleven patients (3.6%) had atrial fibrillation (AF) with 45.5% of them being HHF patients. Two point two percent of patients 50 years had AF while 4.1% of patients $50 years had AF. One patient (0.3%) had pacemaker tachycardia. Ninety-two (29.7%) patients had significant sinus pauses. Seventy-six (24.5%) patients had multiple ST depression in channel 1.
Applying Lown's grading of PVCs 11 among patients with PVC; Lown's grade 4 was more prevalent in DCM patients (66.7%), patients with palpitation (61%), and HHF patients (55.2%), while Lown's grade 2 was more common in patients with dizziness (60%), stroke patients (46%), and HHD patients (29.4%), respectively. Abbreviations: ecg, electrocardiography; HHF, hypertensive heart failure; HHD, hypertensive heart disease; lVH, left ventricular hypertrophy; Une DOe, unexplained dyspnea on exertion; DM, diabetes mellitus; aUT nero, autonomic neuropathy; DcM, dilated cardiomyopathy; VHD, valvular heart disease. 
Discussion
Palpitation of unknown etiology was the commonest indication in our study (23%). Katibi et al 5 reported palpitation as the commonest indication (25%). This study shows that cardiac arrhythmia was prevalent in the study group (54.2%), with more females affected than males and that prevalence increases with age. Omotoso et al 12 reported that females were slightly more affected with arrhythmia than males and that prevalence of arrhythmia increases with age especially after the fourth decade. The clinical indication in 89 patients (28.7%) of the study group was class III according to the recommendations of ACC/AHA guidelines 10 for ambulatory ECG. Piccirilli et al 13 reviewed the clinical indications of 2,489 consecutive Holter ECG recordings and reported that 1,298 (52%) were clearly appropriate (class I), 311 (13%) as probably or possibly appropriate, and 880 (35%) as inappropriate (class III).
Eighty-seven out of 310 (28.1%) of our study group were hypertensive patients. Hypertension has two major consequences on the heart -left ventricular hypertrophy (LVH), morphological and functional alterations of the coronary macro-and micro-vessels. These anatomical and tissue changes caused by hypertension account for the higher incidence of atrial and ventricular arrhythmias as compared to normal population. 14, 15 PVC was the commonest arrhythmic pattern accounting for 51.5% among patients with arrhythmia. Katibi et al 5 also reported PVC (47.6%) as the commonest arrhythmic pattern in his study. Talib et al, 16 in a study of 75 healthy individuals using Holter ECG, reported ventricular arrhythmias as the commonest (45.3% had ventricular ectopic beats [VEBs]). Sultana et al, 15 in a study of cardiac arrhythmia and LVH in systemic hypertension, reported ventricular arrhythmias (PVCs) as the commonest arrhythmic pattern (25.6% in males, 21.8% in females). The lower proportion reported in the study by Sultana et al may be attributable to the fact (100) 10 (100) 10 (100) 10 (100) 7 (100) 6 (100) 4 (100) 1 (100) 9 (100) 310 (100) Abbreviations: Palp, palpitation; HHF, hypertensive heart failure; HHD, hypertensive heart disease; DOe, dyspnea on exertion; DM, diabetes mellitus; aUT, autonomic; DcM, dilated cardiomyopathy; VHD, valvular heart disease; PVc, premature ventricular complex; PAC, premature atrial complex; NSVT, non-sustained ventricular tachycardia; VT, ventricular tachycardia; SVT, supraventricular tachycardia; AF, atrial fibrillation.
that 24-hour Holter ECG was carried out only on patients who complained of palpitation. Ventricular arrhythmia was found more prevalent in DCM patients (85.7%), HHF patients (40.1%), stroke patients (36.2%), and patients with palpitation (32.8%). Heart failure irreversibly damages myocardial fibers which may serve as foci for various forms of arrhythmias. 17 , 18 Lasisi et al 7 reported that ambulant outpatients with chronic heart failure have significantly higher prevalence of ventricular arrhythmia and narrow HRV compared to healthy individuals of comparable age and sex. Adebayo et al 8 reported ventricular arrhythmia in 47% of HHF patients. The atherosclerotic risk in communities (ARIC) study 19 of more than 15,000 African-American and White men and women reported that frequent or complex VEBs are also associated with hypertension, and that VEBs increase with increased electrocardiographic estimate of left ventricular mass. LVH and complex ventricular arrhythmias are significant predictors of sudden cardiac death. [20] [21] [22] Ajayi and Ajayi, 23 in a study of 24-hour Holter arrhythmic patterns of 37 HHF patients with or without valvular heart disease, reported that LVH increases arrhythmias but multi-valvular regurgitation predisposes to greater supraventricular tachy cardia and complex ventricular arrhythmias. Three point six percent of studied patients had AF. AF is the most commonly sustained arrhythmia in adults and is associated with an increased risk of cardiovascular morbidity, mortality, and stroke. 24, 25 Hypertension is one of the important independent risk factors for the development of AF. 26 Omotoso et al 12 reported 5.2% in a study of 2,017 Nigerians with HHD using resting ECG. The higher proportion in his study may be attributable to the fact that his study groups had a pre-existing heart disease. Familoni et al 27 reported that AF was associated with increased mortality rates among patients with advanced heart failure. Most ECG monitoring data from acute stroke units indicate a frequency of arrhythmia of 40%-60%. 28 It is most significant to note that six patients (1.9%) with PVC in this study had periods of sustained VT. Some studies 11, 29 reported that VT can degenerate to malignant ventricular arrhythmia and that it is also a risk factor for sudden cardiac death. 
Conclusion
Palpitation and syncope were the commonest indications for Holter ECG among our subjects. The commonest arrhythmic patterns were PVC and premature atrial complex, with ventricular arrhythmia being more prevalent in DCM and HHF patients. There was a reduction in HRV in patients with stroke and diabetic autonomic neuropathy.
